The configurational instability of phosphorus in five-membered ring phosphorochloridites is known to be very dependent on their purity 1 . Ring Csubstituted 2-halogeno-l ,3,2-dioxaphosphorinans are described as anancomeric systems 2 and in a number of works the axial orientation of chlorine atom has been inferred from NMR couplings and chemical shifts 2b_e and deductive reasoning concerning the stereochemical course of exchanging of this atom by another substituent 2a . From investigations carried out in many research establishments it is known that 2-X-4-methyl-l,3,2-dioxaphosphorinans with such X-substituents as H 3 , R 4 , Ar 4 , OR 2C , SR 5 and NHR 6 exist preferentially in the chair conformation with equatorial 4-methyl group and axial X-substituent. The striking difference has been found for dialkylamino-substituent which, due to the special requirements of lone pairs at phosphorus and nitrogen, exist preponderantly in equatorial position 4 -7 . However, except for X = CL all these systems exist in an equilibrium with the thermodynamically less-stable diastereoisomers, which are usually conformationally non-rigid compounds. Mentioned above anancomerism of 2-halogeno-l,3,2-dioxaphosphorinanyl systems may result from two phenomena: i) very fast in the NMR time-scale chlorine-chlorine exchange and/or ii) low content of the minor diastereoisomer, being on the level of detectivity of 31 P NMR spectroscopy. It was of interest to study other 2-halogeno-derivatives, like 2-fluoro-4-methyl-l,3,2-dioxaphosphorinane (1), which, due to the higher electronegativity and smaller atomic radius of fluorine, as compared to those of chlorine, should also exist entirely in form containing axially orientated fluorine atom. 19 F NMR offered additional tool for detailed studies.
Results and Discussion
Radio-frequency spectroscopy ( 1 H, 19 F, 13 C and 31 P NMR) and chemical correlation methods were applied for studying of steric requirements of fluorine atom attached to trivalent phosphorus atom being a part of 4-methyl-1,3,2-dioxaphosphorinanyl ring system. 1 was obtained in the reaction of 2-chloro-4-methyl-l,3,2-dioxaphosphorinane (2) with antimony trifluoride, according to procedure developed by SCHMUTZLER 8 . Analysis of the NMR spectra of distilled 1 revealed the presence of two isomers in the ratio la : lb -8 : 92. This ratio was left unchanged after one-hour heating of the sample of distilled 1 at 70 °C in benzene solution in the presence of ammonium fluoride, so one can expect that an equilibrium has been reached. An interpretation of X H NMR spectrum of distilled 1 (see Table I ) allows us to conclude that preponderant isomer (1 b) exists in a rigid chair conformation with the equatorially orientated 4-methyl group and axially located fluorine atom:
1b
The most typical for an axial orientation of phosphorus substituent is the value of spin-spin coupling constant between phosphorus and equatorial C-6 proton (He) 4 . In the case under consideration 3 JPHC equals 11.8 Hz, but for equatorially orientated fluorine this coupling was expected to be of order of 21 Hz 4 -™. Although the X H NMR analysis of the minor component (la) was not possible, some conclusions about its conformation were drawn out from the 13 C, 19 F and 31 P NMR spectra (see Table II) .
Thus, the appearance of the signal of la in 31 P NMR spectrum at the lower field than that of 1 b suggests ««-configuration of 1 a. This conclusion has been inferred on the basis of many examples published in the literature [4] [5] [6] [7] and is also supported by 13 C NMR data. The coupling constant between carbon-5 and phosphorus has much higher value in la (12.5 Hz) than in lb (5.1 Hz). This fact speaks for equatorial position of fluorine in la and axial one in lb. The analysis of chemical shift values of carbon-4 and carbon-5 in both la and lb may suggest, however, the rapid conformational equilibrium of la. Typical y-effect of the axial phosphorus substituent 4 on the chemical shift of C-4 and C-6 is observed for carbon-4 only. Higher value of <3C_6 in lb than that in la may be explained by assumption of competitive occurrence of /-effect of axial 4-methyl group in conformer of type B coming from chair-equilibrium of la (Eq. (1)). 
C-4 and C-6 carbons by fluorine of order 2 Hz is observed only for lb (see Table II ). Since vicinal Karplus-type relationship (between 3 JF_P-O-C and dihedral angle) has not been so far established, this fact can be reported without further comment.
Presented above spectroscopic evidence for the trans-geometry of the more stable isomer of 1 (lb) was further confirmed by the chemical correlation. Oxidation of distilled 1 with trimethylamine Noxide gave a mixture of two diastereoisomeric 2-fluoro-2-oxo-4-methyl-l,3,2-dioxaphosphorinans 9 (3 a and 3 b) in the ratio 10:90, respectively (see Scheme I).
Scheme I.
The same ratio 3a:3b was obtained when dinitrogen tetroxide was used as an oxidizing agent. For to assign the cis-trans geometry of both 3 a and 3 b we have performed their synthesis on an independent way. Tra/w-2-chloro-2-oxo-4-methyl-l,3,2-dioxaphosphorinane (4) was treated with the stoichiometric amount of ammonium fluoride in benzene solution at 80 °C. When the reaction was carried out for fifteen minutes only, reaction mixture contained 10% of unchanged 4 and 90% of phosphorofluoridate in the ratio 3a:3b = 80:20, respectively. Removal of inorganic salts and distillation allowed us to isolate pure 3 with unchanged isomer ratio. Refluxing of its benzene solution caused a slow increase of 3 b content. However, addition of catalytic ammounts of NH4F to benzene solution of 3a:3b = 80:20 accelerated the epimerization process leading to the equilibrium 3a:3b = 12:88 (see Scheme II).
Because it has been documented that substitution of chlorine by fluorine at phosphoryl centre proceeds with inversion of configuration 10 , we conclude that 3 a has eis-and 3b £raws-geometry. The epimerization towards the thermodynamically more stable
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Scheme II.
isomer (3 b) occurs by the halogen-exchange mechanism according to Eq. (2).
Taking into account, that 3 b is preponderant product of direct oxidation of distilled 1 with MeaNO or N2O4, which are known to oxidize the trivalent phosphorus compounds with retention of configuration at phosphorus atom 7 «-11 , we have fully confirmed the ^raws-geometry of predominant isomer of 1. Oxidation of 1 has been extended to its conversion to 2-fluoro-2-seleno-4-methyl-1,3,2-dioxaphosphorinane (5) (see Scheme I).
Addition of elemental selenium to distilled 1 gave 5 as a mixture of two isomers (5 a and 5 b) in the ratio 20:80, respectively 12 . Oxidation of this mixture with dinitrogen tetroxide converted 5 into 3 in the ratio a:b = 20:80, respectively. Because addition of selenium to P IH derivatives as well as oxidation of diastereo-isomeric 2-seleno-l,3,2-dioxaphosphorinans with N2O4 are known to proceed with retention of configuration at phosphorus atom 13 , these results support the transconfiguration of lb. The cis-trans geometry assignment of 5 a and 5 b was independently confirmed by nucleophilic exchange of chlorine atom of trans-2-chloro -2 -selcno -4 -methyl -1,3,2 -dioxaphosphorin ane (6) by fluorine with an aid of ammonium fluoride in benzene solution (see Scheme III).
5 a, being the kinetic product of this reaction, is supposed to have the cis-geometry for the reasons discussed above for the case of oxo compounds As an additional criterium for cis-trans geometry assignments of diastereoisomeric pairs 1, 3 and 5, spin-spin coupling constants between phosphorus and fluorine and/or selenium-77 were used. We reported previously from this laboratory 15 that absolute value of spin-spin coupling constant between phosphorus, and magnetically active nucleus X directly bonded to phosphorus depends on the spatial disposition of X and fulfills the requirement IUPX axial| < |VPX equatorial |. In agreement with this empirical rule the observed couplings between phosphorus and fluorine are higher in cw-isomers (la, 5a) and coupling between phosphorus and selenium-77 is higher in transisomer than in eis-one (see Table II ). Both couplings 1 Jpf and 1 Jpse, in 5 demonstrate the complementary character of our criterium. However, this rule I 1 Jpxax.| < I 1 Jpxeq.| does not obey in the case of diastereoisomeric pair 3 and this case requires of special comment. It has to be emphasized that in pairs 1, 3 and 5 the relative difference between coupling-constants zl J/J min is in the range 0.6: 2%, that is much lower than those of other isomeric pairs of family of 4-methyl-1,3,2-dioxaphosphorinans 15 . Also the differences between 31 PNMR chemical shift values of each diastereoisomeric pair 1, 3 and 5 are much lower (0.1-1.2 ppm) than usually observed in4-methyl-l,3,2-dioxaphosphorinanyl series (1.2-14.0 ppm). These observations may be explained by the fast conformational equilibrium between two chair forms (A and B) in cis-isomers (Eq. (3); see also Eq. (1)).
i (3)
Such conclusion is supported by considerable broadening, even at -80 °C, of the n F NMR signals of 1 a, 3 a and 5 a and also by characteristic splitting of the signal of 4-methyl protons, observed in *H NMR spectra of 3 a and 5 a. In *H NMR spectra of the fraws-isomers (3 b and 5 b) this group appears as the doublet of doublets with 3 JcH3-Ha ~ 6 Hz and 4 JCH3_P ~2 Hz. However, the *H NMR spectra of cw-isomers (3 a and 5 a) reveal the presence of the doublet of triplets, due to the additional splitting (~1 Hz) of 4-methyl protons by vicinal axial proton and this is indicative of the considerable participation of conformer B 16 in equilibrium under consideration (Eq. (3)).
Since this work was mainly devoted to elucidation of spatial preference of fluorine atom in 2-fluoro-4-methyl-l,3,2-dioxaphosphorinane (1) we conclude that fluorine attached to phosphorus, in this system, preferentially occupies axial position. This axial preference is so strong that it predominates in part the tendency of 4-methyl group for to be equatorially orientated and may be rationalized in terms of modified gauche effect [4] [5] [6] [7] , especially due to the small atom-radius of fluorine and high electronegativity of this atom, what makes the 1,3-synaxial interactions attractive rather than repulsive. However, in the light of findings presented in this work, it seems peculiar that 2-chloro-4-methyl-1,3,2-dioxaphosphorinane (2) exists entirely as the Jraws-isomer 2c > 19 .
Experimental X = 0, Se.
All m.ps and b.ps are uncorrected. Solvents and commercial reagents were distilled and dried by conventional methods before use. *H NMR spectra were recorded at 60 MHz, with a Jeol C-60 H spectrometer, equipped with Hetero-Spin-Decoupler JNH-SD-HC, with TMS as an internal standard. 31 PNMR spectra were obtained on the same instrument operating at 24.3 MHz with external H3PO4 or (PhO)sP as the reference. Positive chemical shift values are reported for compounds absorbing at higher fields than H 3 P0 4 .
19 F NMR spectra were recorded at 56.4 MHz with a PerkinElmer R-12 B spectrometer with external CöFe as the reference. Negative chemical shift values are reported for compounds absorbing at lower fields than CßFe.
13 C NMR measurements were recorded on a Bruker-HX 72 spectrometer using TMS as an internal standard. Mass spectra were obtained on a LKB-9000 S spectrometer at 70 eV ionizing energy. The chlorophosphite (2) was synthesized from butan-l,3-diol and PCI3 in CH2CI2 according to LUCAS 17 procedure. Traws-chlorophosphate (4) was prepared by chlorination of £rcm<s-2-hydro-2-oxo-4-methyl-l,3,2-dioxaphosphorinane with sulphury 1 chloride 18 . Trans-chloroselenophosphate (6) was obtained by addition of elemental selenium to 2 5 . -4-methyl-l,3,2-dioxaphosphorinane (1) To finely powdered antimony trifluoride (9.0 g, 0.05 m) was added in small portions, with magnetical stirring, the chlorophosphite (2) (15.4 g, 0.1 m) . An exothermic reaction was observed and the temperature arose to 60 °C. Stirring was continued at this temperature for next hour and the resulting fluorophosphite (1) 
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19 F NMR analysis of the distillate revealed the presence of two isomers: la (8%, (531 p = -120.0 ppm, (5i9 F = -129.9 ppm, 1 «/pF = 1178 Hz) and lb (92%, <5SI f = -118.8 ppm, <5i9 F = -105.4 ppm, 1 JPF= 1156 Hz). To a solution of distilled 1 (1 g) in benzene (1 ml) was added finely powdered ammonium fluoride (0. lg). The mixture was heated at 70 °C for one hour. The 31 P and 19 F NMR analysis showed the presence of 1 in the ratio a: b = 8:92, respectively.
Oxidation of 1.
Trans-2-fluoro-2-oxo- 4-methyl-1,3,2-dioxaphosphorinane (3 b) a) To a solution of distilled 1 (3.45 g, 0.025 m) in chloroform (30 ml) was added at 0 °C, dropwise, a solution of trimethylamine N-oxide (1.9 g, 0.025 m) in chloroform (20 ml). An exothermic reaction was observed and trimethylamine evolved. The solution was stirred at room temp, for 30 min. and evaporated. Careful NMR analysis of the crude product showed the presence of 3a (10%, <53i P = +17.4 ppm, <5i9 F = -94.5 ppm, ^=1024 Hz) and 3b (90%, (?3ip = +17.5 ppm, <5i9 F = -78.0 C 31.20 H5.19 P 20.10, Found C 31.25 H 5.24 P 19.84 .
The distillate (1 g) was dissolved in benzene (1 ml). Finely powdered ammonium fluoride (0.1 g) was added and the mixture was heated at 70 °C for two hours. The NMR analysis revealed the presence of 3a (12%) and 3b (88%). b) A solution of N 2 0 4 (0.92 g, 0.01 m) in CC1 4 (10 ml) was added dropwise at -30 °C, with stirring and cooling, into a solution of distilled 1 (2.76 g, 0.02 m) in CHCI3 (20 ml). The reaction mixture was then degassed at 0 °C and evaporated. The NMR analysis of the residue revealed the presence of 3 a (11%, Ö3ip = + 17.4 ppm, <5i9 F = -94.5 ppm) and 3b (89%, <53ip = +17.5 ppm, <5i9 F = -78.0 ppm. Distillation gave 2.2 g (72%) of pure 3, b. p. 78-80 °C/0.05 mm Hg, w 22 = 1.4137; the isomer ratio remained unchanged.
Addition of selenium to 1.
Trans-2-fluoro-2-seleno- 4-methyl-l,3,2-dioxaphosphorinane (5 b) Elemental selenium (7.9 g, 0.1 m) was added to a solution of 1 (13.8 g, 0.1 m) in toluene (50 ml). The suspension was refluxed for 5 h. The unreacted selenium was filtered off and the filtrate was evaporated. Mass spectrum was showed after column chromatography and showed for 5 a: m/e 55 (100%); 218 (21%); 164 (13%); 138 (2.1%); 118 (8%); and for 5b: m/e 55 (100%); 218 (21%); 164 (10%); 138 (9.4%); 111 (30%). -2-chloro-2-oxo-4-methyl-l,3,2-dioxaphosphorinane (4) a) Cis-2-fluoro-2-oxo-4-methyl-l,3,2-dioxaphosphorinane (3 a) Trans A (0.05 m) was dissolved in benzene (30 ml) and finely powdered ammonium fluoride (1.85 g, 0.05 m) was added. The suspension was stirred under reflux for 15 min., cooled and the precipitate was filtered off. The filtrate was evaporated and examined by means 31 P and 19 F NMR spectroscopy. The product contained unchanged 4 (10%, (53I p = +4.0 ppm) and expected fluorophosphate (3) (90%) as a mixture of two isomers: 3a (80%, <53I p = +17.4 ppm, (5i9 F = -94.5 ppm) and 3b (20%, (53ip = + 17.5 ppm, (5i9 F = -78.0 ppm).
Reaction of ammonium fluoride with trans
The mixture was carefully fractionated giving 4.0 g (52%) of pure 3, b.p. 78-80 An epimerization occurred and the sample contained 3 a and 3 b in the ratio 33:77, respectively (i9F NMR analysis). Ammonium fluoride (0.1 g) was added to the examined solution and the mixture was heated at 70 °C for 1 h. 19 F NMR analysis revealed the presence of an equilibrium mixtme 3a :3b = 12: 88. b) Trans-2-fluoro-2-oxo-4-methyl-l,3,2-dioxaphosphorinane (3b)
The reaction of trans A (0.1 m) with NH4F (0.15) was performed as in section 4 a. Stirring and refluxing was continued for one hour. The 31 P NMR spectrum of the crude product showed the presence of 3a (12%, dsip = + 17.4 ppm) and 3b (88%, <5siP = + 17.5 ppm). Distillation gave 12 g (78%) of pure 3, b.p. 78-80 °C/0.05 mm Hg, n% = 1.4140, consisting of a mixture of both 3 a and 3 b in unchanged isomer ratio.
Reaction of trans-2-chloro-2-seleno-4-methyl-1,3,2-dioxaphosphorinane (6) with ammonium fluoride. Cis -2-fluoro -2-seleno -4-methyl -1,3,2-dioxaphosphorinane (5 a)
Trans-6 (4.66 g, 0.02 m) was added to the suspension of ammonium fluoride (1.0 g, 0.03 m) in benzene (20 ml). The mixture was stirred under reflux for 2 h. The precipitate was filtered off and the filtrate was evaporated. The 31 P NMR analysis of the residue revealed the presence of 24% of unchanged 6 (<53iP = -54.5 ppm) and 76% of 5 as
